Schwann cells are essential for development and function of peripheral nerves and have been studied extensively (24) . Several signaling pathways influence proliferation, survival, commitment, and differentiation of Schwann cells (17) . Cell-intrinsic regulators of Schwann cell development include transcription factors such as Pax-3 (9), c-Jun (33) , , Sox10 (6, 19) , and Oct-6 (25) . These proteins show partially overlapping expression patterns and are needed during different stages of Schwann cell development (41, 42) .
The POU domain protein Oct-6 (also known as SCIP or Tst-1) is induced in immature Schwann cells by an axonal signal shortly before 16.5 days postcoitum (dpc) (30) . Expression reaches its peak in the consecutive promyelinating stage during early postnatal development, when Schwann cells have established a one-to-one relationship with axons and crucial changes in gene expression occur to prepare for myelination (2, 5, 22) . In myelinating Schwann cells, Oct-6 is then gradually extinguished. Oct-6 functions at least partly through induction of Krox-20, the key activator of the myelination program (12) .
Deletion of the Oct-6 gene in mice led to an arrest of Schwann cell development at the promyelinating stage (4, 15) . The transient nature of this arrest points to the existence of compensatory transcription factors in Schwann cells (10, 15) . Compensatory mechanisms are frequently observed between closely related and functionally redundant transcription factors. Within the POU domain family, Oct-6 shows highest similarity to Brn-1, Brn-2, and Brn-4 (29, 43) . These class III POU domain proteins share similar biochemical properties (32) .
Recent analyses have shown that Schwann cells express Brn-2 with the same developmental profile as . In agreement with functional redundancy between Oct-6 and Brn-2, combined deletion prolonged the arrest of Schwann cell differentiation, and transgenic expression of Brn-2 partially rescued the Schwann cell defect in Oct-6-deficient mice. However, functional redundancy was not complete, as only Oct-6-deficient mice and not Brn-2-deficient mice exhibited a Schwann cell phenotype. Additionally, a compensatory threefold increase of Brn-2 expression in Oct-6-deficient mice was unable to fully suppress the Schwann cell phenotype (14) . It is unclear whether this incomplete functional redundancy results from differences in expression levels or from functional differences between class III POU domain proteins. Brn-1 is the class III POU domain protein with the most divergent DNAbinding and transactivation capacities in vitro (32) . Differential functions of class III POU domain proteins might thus be most easily revealed by comparing the function of Oct-6 with that of Brn-1. For that reason, we replaced the Oct-6 gene with the Brn-1 gene and found that Schwann cell development in these knock-in mice proceeded on schedule.
MATERIALS AND METHODS
Construction of targeting vector. A 10.9-kb fragment from the Oct-6 locus of 129/Sv mice (28) was used as the 5Ј homology region. The open reading frame of rat Brn-1 and the polyadenylation signal of the human growth hormone gene were inserted behind this 10.9-kb fragment so that the start codon of rat Brn-1 was placed exactly over the start codon of Oct-6. A 4.6-kb fragment from the Oct-6 locus containing the last 200 bp of the Oct-6 open reading frame and 4.4 kb of downstream sequences (4) was used as the 3Ј homology region. The combination of the 5Ј homology region and rat Brn-1 as well as the 3Ј homology region were inserted into pTV-Flox-0 on either side of a loxP-flanked neomycin resistance (Neo) cassette (Fig. 1A) . The targeting vector thus replaced Oct-6 with Brn-1. The construct was linearized with ClaI before electroporation.
Gene targeting and generation of mouse mutants. The linearized construct was electroporated into R1 ES cells (129 X1 ϫ 129 S1) which were then selected with G418 (200 g per ml) and ganciclovir (2 M). Selected embryonic stem (ES) cell clones were screened by Southern blotting with a 0.3-kb 3Ј probe which recognized a 6.2-kb fragment of the wild-type allele and an 8.9-kb fragment of the targeted allele in genomic DNA digested with SacI and BglII ( Fig. 1A and B) . Two targeted ES cell clones were injected into blastocysts to generate chimeras. Chimeric males from both clones transmitted the targeted allele to their offspring. No differences were detected between mice derived from the two ES cell clones. To remove the Neo cassette, heterozygous mutant mice were crossed with EIIa-Cre mice (20) . In Southern blots on genomic DNA digested with SacI and BglII, loss of the Neo cassette resulted in a size reduction of the fragment indicative for the targeted allele from 8.9 to 7.7 kb (Fig. 1C) .
Homozygous mutant mice were generated by intercrosses of Oct-6
animals. Alternatively, Oct-6 ϩ/Brn-1 mice were crossed with Oct-6 ϩ/lacZ mice (4) to obtain Oct-6-deficient, mixed heterozygous Oct-6
Brn-1/lacZ mice. Genotyping was routinely performed by PCR on genomic DNA obtained from tail tips or, in case of embryos, from yolk sacs. For the Brn-1 knock-in allele, a common upper primer located 310 bp upstream of the start codon (5Ј-AGC CGG GCG GTG GTG GTG GG-3Ј) and two lower primers located 154 bp (5Ј-ACG TTC TGC ACT TCG CGG TAC GC-3Ј) and 28 bp (5Ј-GGT AGG GGT TAG AAG CCG CCG-3Ј) downstream of the start codon in Oct-6 and Brn-1, respectively, were used. PCR was performed in 20-l reaction mixtures containing standard buffer, 5% dimethyl sulfoxide, and 0.25 M each primer. The cycling conditions consisted of an initial 3-min denaturing step at 94°C followed by 36 cycles of 30 s at 94°C, 30 s at 60°C, and 30 s at 72°C. A 470-bp fragment was indicative of the wild-type allele, and a 340-bp fragment was indicative of the targeted allele. Primers and PCR conditions for the lacZ knock-in allele have been described previously (4).
Western blotting. Isolated sciatic nerves were directly lysed in loading buffer, which was followed by sonication and heating in a boiling water bath. Samples were loaded onto denaturing sodium dodecyl sulfate-12.5% polyacrylamide gels and blotted onto nitrocellulose membranes (34) . Polyclonal antisera directed against Brn-1 or Oct-6 (1:3,000 dilution) (21, 32) and a monoclonal antibody directed against ␤-tubulin (1:2,000 dilution; Sigma) served as primary antibodies, and horseradish peroxidase-coupled protein A served as a secondary detection reagent in Western blots using the ECL detection system (32) .
Histological analyses. Sciatic nerves were isolated from perfused mice at various times up to 5 months after birth and placed overnight at 4°C in cacodylate-buffered fixative containing 2.5% paraformaldehyde, 2.5% glutaraldehyde, and 0.05% picric acid. After overnight washing in 0.1 M sodium cacodylate (pH 7.3), sciatic nerves were postfixed in cacodylate-buffered 1% osmium tetroxide for 2 h, dehydrated in an ascending ethanol series, and embedded in Epon resin. For light microscopy, semithin sections (1-m thickness) were stained with para-phenylene diamine (8) and viewed with a Leica microscope. For electron microscopy, ultrathin sections (50-nm thickness) were stained with uranyl acetate and lead citrate and examined with a Zeiss EM902 electron microscope. Quantification of myelinating figures compared to promyelinating figures (300 to 600 fibers per nerve) was performed as described previously (14) .
Immunohistochemistry. Embryos were obtained from staged pregnancies at 14.5 and 16.5 dpc, and sciatic nerves were obtained from postnatal mice at various ages. After fixation in 4% paraformaldehyde, specimens were cryoprotected by overnight incubation at 4°C in 30% sucrose and embedded in optimal cutting temperature medium at Ϫ80°C. Frozen sections were prepared at 10-m thickness and used for immunohistochemistry as described previously (36, 37) . The following primary antibodies were used in various combinations: anti-Sox10 guinea pig antiserum (1:2,000 dilution) (36) , anti-Brn-1 guinea pig antiserum (1:1,000 dilution), anti-Oct-6 rabbit antiserum (1:1,500 dilution) (34) , antiKrox-20 rabbit antiserum (1:1,000 dilution) (35) 
RESULTS
Replacement of the Oct-6 gene with Brn-1. All class III POU domain proteins are coded for by intronless genes which are localized on different mouse chromosomes (3). To exchange Oct-6 with Brn-1, we replaced the Oct-6 open reading frame with the open reading frame of the rat Brn-1 gene (32) and a Neo cassette. The start codon of Brn-1 was placed exactly over the start codon of the Oct-6 gene (Fig. 1A) . To minimize alterations at the Oct-6 gene locus, the Neo cassette was removed after germ line transmission of the targeted allele in the resulting heterozygous mice by Cre-mediated recombination ( Fig. 1A and C). Oct-6 ϩ/Brn-1 mice were viable and indistinguishable from their wild-type littermates on a gross anatomical and behavioral level. Western blot analysis confirmed that at postnatal day 8, Brn-1 was expressed in the myelinating sciatic nerve of mice carrying the Brn-1 knock-in allele but not in those of wild-type littermates (Fig. 1D ). Five weeks after birth, Brn-1 expression was no longer detectable in sciatic nerve extracts from mice carrying the knock-in allele (data not shown). Oct-6 ϩ/Brn-1 mice were successfully intercrossed ( Fig.  1C ) and additionally bred with Oct-6 ϩ/lacZ mice (4) to obtain Oct-6
Brn-1/Brn-1 and Oct-6 lacZ/Brn-1 mice (Fig. 1C) . Sciatic nerve extracts from these mice were devoid of Oct-6 protein at postnatal day 8 (Fig. 1D) , thus corroborating the complete replacement of Oct-6 with Brn-1 in the knock-in allele.
Analysis of Brn-1 expression in peripheral nerves. Expression of Brn-1 from the knock-in allele was compared with that of the endogenous Oct-6 in the Schwann cell lineage by immunohistochemistry on Oct-6 ϩ/Brn-1 embryos. Brn-1 protein was absent in peripheral nerves at 14.5 dpc ( Fig. 2A) , although Schwann cell precursors were already present along the nerve at this time, as evident from staining with Sox10-specific antibodies ( Fig. 2E and F) . Brn-1 became detectable at 16.5 dpc in nuclei of immature Schwann cells along the nerves of Oct-6 ϩ/Brn-1 mice (Fig. 2B) . Its spatiotemporal expression pattern strongly resembled that of the endogenous Oct-6 ( Fig. 2C  and D) . In fact, coimmunohistochemistry performed on peripheral nerves of Oct-6 ϩ/Brn-1 embryos at 16.5 dpc with antibodies directed against Oct-6 and Brn-1 yielded a perfect colocalization (Fig. 2, compare panels B and D) .
We also analyzed expression of Brn-1 from the knock-in allele in the sciatic nerve through postnatal development. As previously described for Oct-6 (2, 15), and reproduced for Oct-6 on wild-type mice in this study (Fig. 3A, D , G, J, and M), the number of Brn-1-positive cells increased after birth in the nerve of Oct-6 ϩ/Brn-1 mice ( Fig. 3B and E) , peaked during the first 2 postnatal weeks concomitant with the peak of myelination ( Fig. 3H and K) , and then gradually decreased. By postnatal day 56, Brn-1-positive cells were hardly detectable (Fig.  3O) . Staining for Brn-1 and Oct-6 completely overlapped in Oct-6 ϩ/Brn-1 mice (Fig. 3B , E, H, K, and N), thus arguing that expression of endogenous Oct-6 and the Brn-1 knock-in allele are qualitatively indistinguishable at all stages analyzed. Interestingly, the same pattern of Brn-1 expression was observed in Oct-6
Brn-1/Brn-1 and Oct-6 Brn-1/lacZ embryos, including a timely down-regulation in the absence of endogenous Oct-6 (Fig. 3C , F, I, L, and O and data not shown). Taking into account that Oct-6 has been shown to be involved in the down-regulation of its own expression (16), we thus have to assume that Brn-1 possesses the same capacity.
Expression of Krox-20 in mice carrying the Brn-1 knock-in allele. As an early step in the activation of the myelination program, Oct-6 induces Krox-20 in promyelinating Schwann cells (12) . Whether Brn-1 was capable of activating Krox-20 gene expression in Schwann cells was analyzed by comparing occurrence and distribution of Krox-20 immunoreactivity in early postnatal sciatic nerves of wild-type mice (Fig. 4A and D) with those of Oct-6
Brn-1/Brn-1 ( Fig. 4B and E) and Oct-6
Brn-1/lacZ ( Fig. 4C and F) mice. In all three genotypes, Krox-20 was present in the nuclei of a significant number of Schwann cells in the perinatal sciatic nerve (Fig. 4A to C) . This number increased robustly during the following 4 days, independent of whether Oct-6 was present in the nerve or replaced by Brn-1 ( Fig. 4D to F) . Interestingly, Krox-20 induction remained unchanged even in Oct-6 Brn-1/lacZ mice which express Brn-1 only Expression of myelin proteins in mice carrying the Brn-1 knock-in allele. Expression of myelin proteins was studied by immunohistochemistry to determine the onset and progression of myelination in the early postnatal sciatic nerve. In the wild type, MBP was present at detectable amounts in few Schwann cells of the sciatic nerve at the time of birth (Fig. 5A) . Four days later, many MBP-expressing cells were already detected (Fig. 5D) . Their number further increased through the first 2 weeks (Fig. 5G and J) . At 5 weeks of age, the number of MBP-expressing Schwann cells had reached a constant level that was maintained throughout the remaining postnatal life (Fig. 5M and data not shown) . MBP expression was similar in Oct-6 ϩ/lacZ mice with only a single functional Oct-6 allele (data not shown), corroborating that Oct-6 is haplosufficient for peripheral myelination (4, 15) .
When studies were performed on sciatic nerves of Oct-6
Brn-1/Brn-1 pups, a comparable MBP expression profile was obtained with few cells being detectable at the time of birth and a rapid increase of MBP-positive cells during the first 2 weeks (Fig. 5B , E, H, and K). MBP expression in the adult sciatic nerve of Oct-6 Brn-1/Brn-1 mice was also indistinguishable from that of the wild type (Fig. 5N) . Again, MBP expression was unchanged even in Oct-6
Brn-1/lacZ mice, arguing that even a single Brn-1 knock-in allele is capable of maintaining normal levels and kinetics of MBP expression in the sciatic nerve (Fig.  5C, F, I , L, and O).
Expression in the sciatic nerve was also analyzed for the peripheral MPZ (Fig. 6) . Neither visual inspection nor quantification revealed significant differences in the appearance or final number of MPZ-expressing cells in the sciatic nerve between genotypes. Both Oct-6
Brn-1/Brn-1 and Oct-6 Brn-1/lacZ mice contained comparable numbers of MPZ-expressing cells at all times analyzed (Fig. 6 , compare panels B, E, and H and C, F, and I to panels A, D, and G). Additionally, there were no obvious differences in staining intensities between the various genotypes even at early times (Fig. 6A to C) . Thus, we found ϩ/Brn-1 (B, E, H, K, and N), and Oct-6 Brn-1/lacZ (C, F, I, L, and O) mice at postnatal day 0 (P0) (A to C), day 4 (P4) (D to F), day 8 (P8) (G to I), day 16 (P16) (J to L), and day 56 (P56) (M to O) using antibodies against Oct-6 (␣-Oct-6, green) in combination with antibodies against Brn-1 (␣-Brn-1, red). Yellow color in sciatic nerves of Oct-6 ϩ/Brn-1 mice indicates coexpression of both proteins. Myelination in mice carrying the Brn-1 knock-in allele. As myelination can be disturbed in the presence of normal amounts of myelin proteins, formation and number of myelin sheaths were studied following para-phenylenediamine staining of Epon-embedded sciatic nerves. In agreement with our expression studies on myelin proteins, very few myelin figures were present in the sciatic nerve of Oct-6 lacZ/Brn-1 and Oct-6
Brn-1/Brn-1 mice at the day of birth (Fig. 7B and data not shown). However, the number was comparable to those detected in wild-type mice (Fig. 7A) , again confirming that myelination in the peripheral nervous system starts on schedule in mice carrying one or two Brn-1 knock-in alleles. Furthermore, the number of myelin figures increased comparably in all genotypes during the active phase of myelination (Fig. 7 , compare panels C, E, G, and I with panels D, F, H, and J). For a detailed quantification, we counted the number of fibers which were already myelinated as well as the number of fibers still present in the promyelinating configuration at various days of postnatal development and determined their ratio as a measure of the progressing myelination and nerve maturation (Fig.  8) . These analyses showed that the fraction of fibers which are already in the myelinated configuration increased from 3 to 4% at the day of birth to 56 to 59% at postnatal day 4 in sciatic nerves from Oct-6 lacZ/Brn-1 and Oct-6 Brn-1/Brn-1 mice. At postnatal day 8, approximately 90% of all large-caliber axons were myelinated, and myelination of the sciatic nerve was almost complete at postnatal day 16 in Oct-6 lacZ/Brn-1 and Oct-6 Brn-1/Brn-1 mice. Given the fact that we obtained comparable numbers for agematched wild-type animals, we conclude that nerve maturation and myelination proceeded normally in mice carrying the Brn-1 knock-in allele. Further supporting the absence of a phenotype in the peripheral nervous system, average numbers of myelin figures per defined area were indistinguishable in the adult sciatic nerve for Oct-6 lacZ/Brn-1 and Oct-6 Brn-1/Brn-1 mice and their wild-type littermates (Fig. 7K and L) .
Myelin ultrastructure in mice carrying the Brn-1 knock-in allele. Finally, we analyzed the myelin structure in sciatic nerves from 5-month-old Oct-6 lacZ/Brn-1 mice (Fig. 9) . Our Brn-1/Brn-1 (B, E, and H), and Oct-6
Brn-1/lacZ (C, F, and I) mice at postnatal day 0 (P0) (A to C), day 4 (P4) (D to F), and day 8 (P8) (G to I) using antibodies directed against myelin protein zero (␣-MPZ).
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on February 23, 2013 by PENN STATE UNIV http://mcb.asm.org/ analysis revealed no conspicuous differences relative to agematched wild-type samples. Both myelinating and nonmyelinating Schwann cells appeared normal in morphology (Fig. 9A , B, E, and F). Myelinating Schwann cells were in the typical 1:1 ratio with myelinated axons (Fig. 9A and B) . Myelin sheaths exhibited a comparable thickness and a comparable number of turns for axons of comparable diameter in the wild type and the mutants (Fig. 9A to D) . Compaction and membrane periodicity of the myelin sheath were equally normal in Oct-6 lacZ/Brn-1 mice (Fig. 9C and D) . A basal lamina was always present (Fig. 9A and B) . Up to 5 months of age, we found no myelin abnormalities, myelin debris, or signs of macrophage infiltration, arguing for a lack of nerve degeneration in Oct-6 lacZ/Brn-1 mice.
DISCUSSION
Over the last years, Oct-6 has been established as an important, cell-autonomous regulator of Schwann cell development which is primarily active at the promyelinating and early myelinating stage (2, 44) and required for normal progression through these stages (4, 15). In the absence of Oct-6, Schwann cell development was transiently arrested at the promyelinating stage. The fact that this block was eventually overcome and myelination took place with delayed kinetics (10) hinted at the existence of a compensating activity within Schwann cells. This Brn-1/lacZ , and Oct-6
Brn-1/Brn-1 mice at day 0 (P0), day 4 (P4), day (P8), day 16 (P16), and day 32 (P32). Myelination was followed by determination of the relative contribution of myelin fibers to the sum of myelin and promyelin fibers.
FIG. 9. Myelin ultrastructure in mice carrying the Brn-1 knock-in allele. Ultrathin sections from 5-month-old wild-type (A, C, and E) and Brn-1/lacZ (B, D, and F) mice were recorded by electron microscopy to show myelinating (A and B) and nonmyelinating (E and F) Schwann cells and the periodicity of myelin sheaths from axons with comparable calibers (C and D). Magnifications, ϫ8,400 (A and B), ϫ168,000 (C and D), and ϫ14,400 (E and F). (14) . In both gain-of-function and lossof-function analyses, this compensation was only partial because of either different expression levels or functional differences between the two proteins. Although in vitro studies had previously failed to detect significant differences in DNA-binding or transactivation capacities between Oct-6 and Brn-2 (32), those studies might have missed differences imposed on the two proteins by the specific environment of the Schwann cell. Here, we have addressed the question of equivalency between class III POU domain proteins in vivo by replacing the Oct-6 gene with the related Brn-1. Brn-1 was chosen over Brn-2 to maximize the chance of detecting functional differences. Brn-1 is evolutionarily less related to Oct-6 (13) and exhibited more biochemical differences from Oct-6 in vitro than Brn-2 (18, 19, 32) . Furthermore, Brn-1 is not normally expressed in the Schwann cell lineage, so ectopic expression is easily detected. Finally, Brn-1 was chosen over the class III POU domain protein Brn-4 because it is coexpressed with Oct-6 and Brn-2 in oligodendrocytes, the counterparts of myelinating Schwann cells in the central nervous system (7, 32) . Thus, our results with Brn-1 in Schwann cells might have predictive value for its relationship to other POU domain proteins and its function in oligodendrocytes.
During gene targeting, we did not remove any of the previously mapped hypersensitive sites in the vicinity of the Oct-6 gene, including the Schwann cell-specific enhancer that was previously mapped 12 kb downstream of the open reading frame (22) . Our knock-in resembles the previous replacement of Oct-6 with a lacZ reporter (4). As the ␤-galactosidase expressed from this lacZ reporter faithfully recapitulated Oct-6 expression (2, 4), Brn-1 expression from this knock-in allele was expected to mimic the endogenous Oct-6 expression. Brn-1 expression started at the same time as endogenous Oct-6 expression, implying that it was dependent as much on axonal contact as Oct-6 expression (30). Furthermore, Brn-1 expression was extinguished in myelinating Schwann cells. It has previously been shown that Oct-6 is responsible for its own down-regulation in myelinating Schwann cells (16) . As Brn-1 expression terminated with kinetics similar to that of Oct-6, even in Oct-6
Brn-1/Brn-1 animals, Brn-1 must be capable of down-regulating its own expression from the Oct-6 locus.
Myelination in animals carrying the Brn-1 knock-in allele was indistinguishable from that of wild-type mice. Previous results had shown that amounts of both MBP and MPZ were dramatically decreased in Oct-6-deficient Schwann cells throughout the first 2 weeks of postnatal development (4, 10, 15) . In sciatic nerves of Oct-6
Brn-1/Brn-1 animals, however, both the number of annular structures positive for either MBP or MPZ as well as their staining intensity were normal. Oct-6 does not directly regulate expression of these myelin genes. Rather, Oct-6 activates Krox-20 expression (12), which in turn is responsible for the induction of myelin gene expression (26) . Krox-20 expression was also normally activated by Brn-1 in Schwann cells.
As myelin gene expression is not the only criterion for myelination, we also studied formation and structure of myelin sheaths. Again, we failed to detect any significant abnormalities in animals carrying the Brn-1 knock-in allele. Quantification confirmed that the transformation of promyelinating figures to myelinating figures was completely on schedule in the postnatal sciatic nerve. Myelin sheath thickness and compaction was as normal as the basal lamina. Thus, Brn-1 is capable of efficiently driving Schwann cell myelination when expressed from the Oct-6 locus.
Even more surprisingly, a single copy of the Brn-1 knockin allele on an otherwise Oct-6-deficient background (Oct-6 lacZ/Brn-1 animals) was sufficient to retain wild-type levels and kinetics of peripheral nerve myelination. Previous studies on a hypomorphic Oct-6 allele had shown that once below 50% of wild-type levels, the amount of Oct-6 is rate limiting for myelination (10) . Our results with Oct-6 lacZ/Brn-1 animals are therefore strongly indicative of a near-complete equivalency of Brn-1 and Oct-6 during Schwann cell development.
This finding has implications for the previously observed partial redundancy between Oct-6 and Brn-2 during Schwann cell development (14) . We consider it more likely that different levels of expression are responsible for the different impact of both proteins on Schwann cell development rather than fundamentally different biological activities. We have previously proposed a similar model for the role of the related highmobility-group domain transcription factors Sox8 and Sox10 during terminal differentiation of oligodendrocytes (36) .
Our results might also be helpful in understanding the role of class III POU domains during oligodendrocyte development. Promyelinating oligodendrocytes express Oct-6, Brn-2, and Brn-1 (7, 32) . If we assume that these proteins are functionally redundant in oligodendrocytes as well, it follows that the loss of each of these class III POU domain proteins is likely to be tolerated and compensated for by the remaining two proteins. Analyses of single knockouts for Oct-6 and Brn-2 support such an assumption (4, 15, 31) . Furthermore, redundancy between class III POU domain proteins is not unheard of in the central nervous system and has been shown to exist between Brn-1 and Brn-2 during production, migration, and positioning of cortical neurons (23, 38) .
Functional similarities between Oct-6 and Brn-1 per se might not be unexpected given the close relationship between these two proteins. A functional overlap had even been shown between Oct-6 and the much-less-related POU domain protein Skn-1 during differentiation of epidermal keratinocytes (1) . However, given the fact that at least some POU domain proteins such as Brn-5 are completely unable to substitute for Oct-6 during Schwann cell development (14) , the complete equivalency between Oct-6 and Brn-1 is surprising.
Previous studies have led to the hypothesis that a specific partner code for POU domain proteins and Sox proteins exists (18, 19) , with Oct-6 being a partner for Sox10, which is also expressed in Schwann cells and essential for various phases of their development (6, 27) . In contrast, Brn-1 appeared to be ineffective as a Sox10 partner (19) . How can this differential cooperation with Sox10 be reconciled with the observed equivalency of Brn-1 and Oct-6 during Schwann cell development? In one explanation, cooperation with Sox10 is simply not essential for class III POU domain function during Schwann cell development. However, previous studies on the regulation of Krox-20 expression in Schwann cells are strongly suggestive of regulation by both Oct-6 and Sox10 (11) .
Alternatively, Brn-1 might interact with a different Sox part- ner protein such as Sox4, which is also present in Schwann cells at the right time (40) . Closer attention might also be paid to the specific conditions in which cooperativity between POU domain proteins and Sox proteins was recorded. Originally, a composite element from the FGF-4 enhancer was studied in the U138 human astrocytoma cell line (18, 19) . Thus, it is possible that the exact nature of the regulatory element as well as the cellular context contribute to the observed partner code. Even if Brn-1 and Sox10 did not cooperate on the FGF-4 enhancer element in Schwann cells, they might do so on Schwann cell-specific promoters. A final answer to this question will have to await the identification of Schwann cell-specific joint target genes for Oct-6 and Sox10 and the analyses of composite conditional mutants in which both Oct-6 and Sox10 are selectively deleted in promyelinating Schwann cells.
